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A b s t r a c t  

The goa l  o f  t h e  t r i a g e n c y  SP-100 Program i s  
t o  develop long- l ived,  compact, l i g h t w e i g h t ,  sur-  
v i v a b l e  n u c l e a r  r e a c t o r  space power systems f o r  
a p p l i c a t i o n  t o  t h e  power range 50 kWe t o  1 MWe. 
The success fu l  development o f  t hese  systems should 
enab le  o r  s i g n i f i c a n t l y  enhance many o f  t h e  f u t u r e  
NASA c i v i l  and commercial miss ions.  The NASA 
SP-100 Advanced Technology Program s t r o n g l y  aug- 
ments t h e  para1 l e 1  SP-100 Ground Engineer ing 
System Development program and enhances t h e  
chances f o r  success o f  t h e  o v e r a l l  SP-100 program. 
The purpose o f  t h i s  paper i s  t o  d i scuss  t h e  key 
t e c h n i c a l  e lements o f  t h e  Advanced Technology 
Program and t h e  progress made i n  t h e  i n i t i a l  year 
and a h a l f  o f  t h e  P r o j e c t .  

I n t r o d u c t i o n  

The NASA, DOD, and DOE t r i a g e n c y  SP-100 Pro- 
gram has r e c e n t l y  embarked on a ma jo r  e f f o r t  t o  
demonstrate t h e  technology read iness  o f  n u c l e a r  
r e a c t o r  space power systems f o r  space a p p l i c a t i o n s  
b y  1992. T h i s  program i s  termed t h e  SP-100 ground 
e n g i n e e r i n  system (GES) i n  which system s a f e t y  
and t y p i c a ?  r e a c t o r  and aerospace (convers ion,  
heat  r e j e c t i o n ,  e t c . )  performance and l i f e t i m e  
p o t e n t i a l  w i l l  be demonstrated. The NASA-managed 
advanced technology program (ATP) p o r t i o n  o f  the 
t r i - a g e n c y  Program i s  focussed on developing 
advanced aerospace technology t h a t  w i l l  g r e a t l y  
augment t h e  i n i t i a l  SP-100 des ign c a p a b i l i t i e s .  

As i n d i c a t e d  i n  F ig .  1, t h e  o b j e c t i v e s  o f  the 
ATP a r e  t o  augment t h e  GES development and t e s t i n g  
o f  ma jo r  components and t o  p r o v i d e  s i g n i f i c a n t  com- 
ponent and subsystem o p t i o n s  f o r  i nc reased  e f f i -  
c i ency ,  s u r v i v a b i l i t y  and growth a t  reduced weights 
and h i g h e r  r e l i a b i l i t i e s .  As i s  shown i n  F ig .  1, 
i t  i s  f e l t  t h a t  t h e  ATP can p r o v i d e  growth t o  the 
megawatt power l e v e l s  with a f a c t o r  o f  2 t o  3 
i nc rease  i n  s p e c i f i c  power, u s i n g  t h e  r e a c t o r  
developed i n  t h e  GES Program. 
were generated f o r  a GES program focussed on a 
300 kWe space power system. The Program was 
r e c e n t l y  r e d i r e c t e d  t o  demonstrate t h e  technology 
read iness  o f  a 100 kWe system. Using t h i s  l a t t e r  
reactor( -2 .5 MWt) t h e  Advanced Technology Pro- 
gram o f f e r s  t h e  p o t e n t i a l  f o r  a f a c t o r  o f  2 + 8 
inc rease  i n  e f f i c i e n c y ,  growth t o  800 kWe and 
doub le  t h e  s p e c i f i c  power, when o p e r a t i n g  a t  t h e  
des ign  r e a c t o r  o u t l e t  temperature o f  1350 K. Or ,  
t h e  ATP can p r o v i d e  t h e  des ign performance a t  
reduced r e a c t o r  o u t l e t  temperatures t h u s  p r o v i d i n g  
a back-up p o s i t i o n  should t h e r e  be d i f f i c u l t i e s  i n  
a t t a i n i n g  t h e  1350 K r e a c t o r  o u t l e t  temperature.  
Even w i t h  t h e  GES focus  on t h e  100 kWe power system 
i t  i s  f e l t  t h a t  t h e  r e a c t o r  and ATP e f f o r t s  w i l l  
p r o v i d e  t h e  technology d a t a  base f o r  growth t o  the 
megawatt power l e v e l .  The key elements o f  t h e  ATP 
and t h e  p rog ress  t o  da te  w i l l  now be descr ibed.  

The above r e s u l t s  

The NASA Advanced Technology Program 

The major  e lements o f  t h e  NASA ATP a re  shown 
i n  F ig .  2. The Program i s  gu ided by an o v e r a l l  
M iss ions  and Systems A n a l y s i s  Task t o  b e t t e r  
d e f i n e  t h e  s p e c i f i c  power system requi rements and 
q u a n t i f y  t h e  b e n e f i t s  t o  be d e r i v e d  f rom t h e  tech-  
no logy  development. Technology development 
e f f o r t s  a re  be ing  c a r r i e d  o u t  i n  t h e  areas o f  
Energy Conversion, Thermal Management, Power Con- 
d i t i o n i n g  and Contro l ,  M a t e r i a l s  and S t r u c t u r e s  
and Spacec ra f t  Env i ronmenta l  E f f e c t s .  

Advanced Energy Conversion 

e f f o r t s  a r e  on f r e e  p i s t o n  S t i r l i n g  engine and 
advanced t h e r m o e l e c t r i c  t echno logy  development. 
These techno log ies  w i  1 1  i nc rease  t h e  GES b a s e l i n e  
e f f i c i e n c y  by f a c t o r s  o f  2 ( t h e r m o e l e c t r i c )  t o  
8 ( S t i r l i n g )  w i t h  concomi tant  r e d u c t i o n s  i n  o v e r a l l  
system mass. 
f r e e  p i s t o n  S t i r l i n g  eng ine  p r o j e c t  a r e  shown i n  
F i g .  3. 
f o r  t h e  300 kWe GES design. 

completed t e s t i n g  o f  t h e  25 kWe Space Power Demon- 
s t r a t i o n  Engine. 
i n t e r n a l l y  generated (PV) power which was 9 1  p e r c e n t  
o f  t h e  p r e d i c t e d  value. However, due t o  problems 
w i t h  eddy c u r r e n t  f l o w s  i n  t h e  l i n e a r  a l t e r n a t o r ,  
t h e  e l e c t r i c a l  power o u t p u t  was 17 kWe o r  o n l y  
70 pe rcen t  o f  t h e  p r e d i c t e d  power. Independent 
t e s t s  a re  now be ing  r u n  t o  b r i n g  t h e  a l t e r n a t o r  
e f f i c i e n c y  t o  i t s  93 p e r c e n t  e f f i c i e n t  des ign  
p o i n t .  Upon comp le t i on  o f  t h e  SPDE t e s t i n g ,  t h e  
opposed p i s t o n  engine was c u t  i n  h a l f  and two 
12.5 kWe Space Power Research Engines (SPRE) a r e  
be ing  tes ted .  By reduc ing  t h e  SPRE expansion 
space volume and making t i g h t e r  d i space r  c learance,  
t h e  performance shown i n  F i g .  4 was a t t a i n e d .  
The f i g u r e  shows t h a t  t h e r e  i s  good agreement 
between t h e  engine performance and code p r e d i c -  
t i o n s .  
power a t  p a r t i a l  p i s t o n  s t r o k e  and should produce 
over  16 kW o f  PV power a t  f u l l  p i s t o n  s t r o k e  oper-  
a t i o n .  T h i s  performance exceeds t h e  o r i g i n a l  pre-  
d i c t e d  v a l u e  o f  PV power. Other  S t i r l i n g  accompl ish- 
ments a r e  g i v e n  i n  Fig. 5. 

The o r i g i n a l  o b j e c t i v e s  and approach f o r  t h e  
advanced t h e r m o e l e c t r i c  t a s k s  a r e  shown i n  F i g .  6. 
The e f f o r t  was o r i g i n a l l y  focussed on t h e  develop- 
ment o f  r a r e  e a r t h  chalcogenide "p" l e g  thermo- 
e l e c t r i c  m a t e r i a l s  t o  p r o v i d e  a h i g h  f i g u r e - o f - m e r i t  
when used w i t h  p r e v i o u s l y  developed r a r e  e a r t h  "n" 
1 egs. 

We have completed screening o f  t h e  "p" t y p e  
r a r e  e a r t h  compounds and have concluded t h a t  t h e  
success p o t e n t i a l  f o r  develop ing these m a t e r i a l s  

I n  t h e  area o f  energy convers ion  development, 

The o b j e c t i v e s  and approach f o r  t h e  

The performance numbers (100 W/kg) a r e  

I n  t h i s  p r o j e c t  t o  d a t e  we have s u c c e s s f u l l y  

The Engine developed 25 kW o f  

The SPRE has a l s o  produced 12.4 kW o f  P V  
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i s  q u i t e  l i m i t e d .  
a t  t h e  J e t  P ropu ls ion  Laboratory ,  samples o f  a 
s i l icon-germanium t h e r m o e l e c t r i c  m a t e r i a l  doped 
w i t h  g a l l i u m  phosphide have been produced t h a t  
demonstrate a considerable improvement i n  f i g u r e -  
o f - m e r i t  ove r  standard s i l icon-germanium. These 
r e s u l t s  appear t o  be a f u n c t i o n  o f  annea l i ng  t i m e  
and temperature.  A t y p i c a l  s e t  o f  r e s u l t s  f o r  an 
annea l i ng  temperature o f  1475 K, "n" l e g  m a t e r i a l  
i s  shown i n  F i g .  7. The research e f f o r t  i s  be ing  
r e d i r e c t e d  t o  e x p l o i t  t h i s  p romis ing  development, 
f o c u s i n g  on a systemat ic a n a l y t i c a l  and exper i -  
mental  program, aimed a t  develop ing a b a s i c  under- 
s tand ing  o f  these processes and deve lop ing  h i g h e r  
performance the rmoe lec t r i c  dev i ces  t h a t  a r e  s t a b l e  
and repeatable.  

However, i n  r e c e n t  exper iments 

Thermal M a n a q e m s  

The o b j e c t i v e s  and approach t o  t h e  thermal 
management t a s k  i s  shown i n  F ig .  8. The accom- 
p l i shmen ts  t o  date a re  summarized i n  F ig .  9. 
have i n i t i a t e d  a con t rac ted  s t u d y  o f  advanced 
r a d i a t o r  concepts f o r  t h e  GES r e f e r e n c e  thermo- 
e l e c t r i c  system and an advanced S t i r l i n g  system. 
A d e t a i l e d  h e a t  p ipe  code has been developed and 
w i l l  be used t o  guide a new h i g h  temperature heat  
p i p e  development e f f o r t .  Tungsten f i b e r  r e i n f o r c e d  
n iob ium composites (ST300-W/Nb) have been produced 
w i t h  s i g n i f i c a n t  increases i n  s t r e n g t h / w e i g h t  r a t i o  
o v e r  t h e  GES re ference niobium-1-zirconium r e f r a c -  
t o r y .  I n  a d d i t i o n  su r face  m o d i f i c a t i o n  techniques 
have been developed t h a t  p r o v i d e  e m i s s i v i t i e s  t h a t  
exceed t h e  0.85 GES re fe rence  des ign  va lue  w i t h o u t  
t h e  use o f  c0a t ings . l  The r e s u l t s  f o r  s i m i l i a r  
t rea tmen ts  o f  the  niobium-1-zirconium re fe rence  
des ign  m a t e r i a l  are shown i n  F ig .  10. 

We 

Power Cond i t i on ing  and C o n t r o l  

The o b j e c t i v e s  and approach f o r  t h e  advanced 
power c o n d i t i o n i n g  and c o n t r o l  t a s k s  a r e  shown i n  
F i g .  11. The main t h r u s t  o f  t h e  t a s k  i s  develop 
h i g h  temperature (500 t o  600 K), r a d i a t i o n  t o l e r -  
a n t  systems f o r  t he  GES r e f e r e n c e  and advanced 
S t i r l i n g  systems. The development o f  t hese  
systems w i l l  a l l ow  m u l t i o r b i t  o p e r a t i o n  and reduce 
t h e  s h i e l d  and power c o n d i t i o n i n g  waste heat  r a d i -  
a t o r  masses. The accompl ishcents a r e  summarized 
on F ig .  12. B r i e f l y ,  we have exposed commercial 
s o l i d  s t a t e  switches t o  gamma and neu t ron  f l u x e s  
and seen a d e f i n i t e  degradat ion i n  d i r e c t  c u r r e n t  
g a i n  under e i t h e r  source o f  r a d i a t i o n .  We have 
demonstrated t h e  p o t e n t i a l  f o r  h i g h  temperature,  
g iga rad  t o l e r a n t  s o l i d  s t a t e  swi tches u s i n g  deep 
i m p u r i t y  double i n j e c t i o n  dev i ces  and have i d e n t i -  
f i e d  a development program f o r  l ow  v o l t a g e  h i g h  
power i n v e r t e r s .  

M a t e r i a l s  and _Structures 

and s t r u c t u r e s  task are shown i n  F i g .  13. I n  
The o b j e c t i v e s  and approach f o r  t h e  m a t e r i a l s  

genera l  t h e  focus i s  on deve lop ing  advanced r e f r a c -  
t o r y  and/or composi te  m a t e r i a l s  f o r  t h e  r e a c t o r ,  
r a d i a t o r ,  and s t r u c t u r e s  w i t h  increased s t r e n g t h  
and/or  l i g h t e r  weight .  The successfu l  development 
of t hese  m a t e r i a l s  w i l l  reduce t h e  mass o f  t h e  
o v e r a l l  power system, o r  p r o v i d e  increased r e l i -  
a b i l i t y  and s u r v i v a b i l i t y  t h rough  increased des ign  
marg in i n  t h e  m a t e r i a l s  p r o p e r t i e s .  These mate- 
r i a l s  c o u l d  a l s o  be enab l i ng  f o r  t h e  power system 
should t h e r e  be shortcomings i n  t h e  GES develop- 
ment goals .  There have been many accomplishments 
made i n  t h e  m a t e r i a l s  area. The niobium-l-  
z i r con ium c reep  s t r e n g t h  d a t a  base i s  be ing  estab-  
l i shed ,  t h e  tungs ten  r e i n f o r c e d  n iob ium m a t e r i a l  
composi te ment ioned e a r l i e r  i s  be ing  developed, 
m a t e r i a l  needs f o r  h i g h  temperature S t i r l i n g  
Engines have been i d e n t i f i e d  and m i c r o s t r u c t u r e  
analyses have been made i n  suppor t  o f  t h e  thermo- 
e l e c t r i c  task .  Two o t h e r  areas w i l l  be h igh-  
l i g h t e d  i n  t h i s  paper. 
t o  develop t h e  d a t a  base on t h e  niobium-1-zirconium 
-0.1 pe rcen t  carbon r e f a c t o r y  a l l o y  PWC-11. 
a l l o y  c o u l d  p r o v i d e  some des ign  marg in over  t h e  
GES r e f e r e n c e  m a t e r i a l .  The r e s u l t s  f o r  t h e  
s t r e s s  l e v e l  a t  1350 K f o r  1 percen t  s t r a i n  i n  
7 y r  a r e  shown f o r  a v a r i e t y  o f  c o n d i t i o n s  on 
F ig .  14. The f i g u r e  shows t h e  change i n  creep 
s t r e n g t h  f o r  t h e  v a r i o u s  c o n d i t i o n s .  
note,  however, t h a t  f o r  a l l  c o n d i t i o n s  t h e  PWC-11 
i s  f a r  s u p e r i o r  t o  t h e  niobium-1-zirconium. 
Resu l t s  f o r  a g r a p h i t e  f i b e r  r e i n f o r c e d  copper 
m a t r i x  composi te  be ing  developed f o r  space r a d i a -  
t o r s  a re  shown i n  F ig .  15. The m a t e r i a l  i s  seen 
t o  demonstrate a s i g n i f i c a n t  improvement i n  t h e  
thermal  c o n d u c t i v i t y l d e n s i t y  r a t i o  ove r  t h e  r e f e r -  
ence niobium-1-zirconium m a t e r i a l  and c o u l d  l e a d  
t o  s i g n i f i c a n t  r e d u c t i o n s  i n  r a d i a t o r  mass. 

NASA Lewis has con t inued  

T h i s  

One shou ld  

Spacec ra f t  Env i ronmenta l  E f f e c t s  

The o b j e c t i v e s  and approach f o r  t h e  space- 
c r a f t  env i ronmenta l  e f f e c t s  t a s k  a r e  shown i n  
F ig .  16. I n  genera l  t h e  e f f o r t  i s  focussed on 
i d e n t i f y i n g  p o t e n t i a l  i n t e r a c t i o n s  and f a i l u r e  
modes, and deve lop ing  m i t i g a t i o n  techniques and 
des ign  g u i d e l i n e s  t o  ensure 10 t o  15 yr  l i f e  under 
t h e  m i s s i o n - s p e c i f i c  env i ronmenta l  c o n d i t i o n s .  
The accomplishments t o  d a t e  a r e  shown i n  F ig .  17. 
T y p i c a l  m a t e r i a l s  have been exposed t o  atomic 
oxygen and m i t i g a t i o n  techniques i d e n t i f i e d .  A l l  
SP-100 r e f e r e n c e  m a t e r i a l s  a r e  t o  be f l o w n  on a 
space f l i g h t  exper iment and a s tudy  o f  t h e  SP-100 
s p e c i f i c  i n t e r a c t i o n s  has been i n i t i a t e d .  

Conclus ions -- 
The SP-100 Advanced Technology Program i s  a 

broad-based Program w i t h  a h i g h  p a y o f f  p o t e n t i a l .  
The Program suppor t s  a l l  non-nuclear aspects o f  
t h e  SP-100 GES r e f e r e n c e  system and some o f  t h e  
m a t e r i a l s  research  c o u l d  p r o v i d e  some design mar- 
g i n  t o  t h e  r e a c t o r .  
accomplishments have been made i n  t h e  i n i t i a l  
y e a r  and a h a l f  o f  t h e  Program.. 

I t  i s  f e l t  t h a t  s i g n i f i c a n t  

1The r e s u l t s  on F ig .  9 a r e  f o r  s t a i n l e s s  
s t e e l .  
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OBJECTIVE: 
TO AUGMENT GES ENGINEERING 
DEVELOPMENT AND GROUND 
TESTING OF MAJOR COMPONENTS 

COMPONENTlSUBSYSTEM OPTIONS 
FOR INCREASED EFFICIENCY, 
SURVIVABILITY AND GROWTH AT 
REDUCED WEIGHTS AND HIGHER 
RELIABILITIES 

TO PROVIDE SIGNIFICANT 

GOAL-.. 

SPECIFIC 6o 
POWER, 

0 0.5 1.0 1.5 2.0 2.5 
POWER, MW, 

GOAL 
100 Wlkg, 2.5 MW, IN 1 SHUTTLE 

USING GES REACTOR CD-86.20833 

F I G U R E  1. - NASA SP-100 ADVANCED TECHNOLOGY PROGRAM. 

MISSION ANALYSIS & REQUIREMENTS 
SYSTEMS ANALYSIS 
ADVANCED CONVERSIONS 

THERMAL MANAGEMENT 

POWER CONDITIONING & CONTROL 

MATERIALS & STRUCTURES 

F 

-STI RL I NG , TH E RMO E LECTRl C 

-RADIATORS, HEAT EXCHANGERS 

-HIGH TEMP/RAD HARD, 20 kHZ 

-W FIBER REINFORCED Nb/ lZr  
-GRAPHITE FIBER REINFORCED CU 
SPACECRAFT ENVIRONMENTAL EFFECT 
-ATOMIC OXYGEN, SPACE PLASMA 

F I G U R E  2. - NASA SP-100 ADVANCED TECHNOLOGY PROGRAM. 
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OBJECTIVE: 
OEMONSTRATE THE TECHNOLOGY 
NECESSARY TO PROCEED INTO THE .*K. W W S T R A T m  Lyo#L 

FINAL DEVELOPMENT OF SPACE- 
QUALIFIED FREE PISTON STIRLING /* .. 

* #  NEEDS r)l”-+ 

ENGINES TO MEET FUTURE MISSION 

POTENTIAL FOR 100 Wlkg AND 
2.5 MW, 

APPROACH: 
SEQUENTIAL TESTING OF THREE ENGINES 
- 650 K, 1075 K, 1350 K 
COMPONENT DEVELOPMENT 
BASIC RESEARCH-CODE DEVELOPMENT 
AND VALIDATION 

FIGURE 3. - ADVANCED CONVERSION - STIRLING ENGINES. 

15 

E 
oi g 10 
Q 

2 

COMPUTER CODE PREDICTIONS - 
(FOR DESIGN TOLERANCE RANGE / 

5 
10 12 14 16 18 20 

PISTON STROKE, MM 

FIGURE 4. - SPRE PERFORMANCE VERSUS PISTON STROKE. 
ENGINE PRESSURE, 150 BAR: TENPERATURE RATIO. 2. 
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SUCCESSFULLY TESTED FIRST SPIN LUBRICATED HYDRODYNAMIC 
BEARING 
- LONG LIFE 

PRELIMINARY DESIGN OF SIMPLER, PROTOTYPICAL SPACE 
STIRLING ENGINE (SSE) IN PROGRESS 
- 1075 K 
- 25 kW, PER PISTON 

CODES UPDATED AND VALIDATED USING EXPERIMENTAL RESULTS 
- SCALING STUDIES 

BASIC RESEARCH INITIATED 
- LINEAR ALTERNATOR 
- OSCILLATING FLOW 
- BEARINGS 

F I G U R E  5.  - S T I R L I N G  ACCOMPLISHMENTS. 

OBJECTIVE: 
DEVELOP THE TECHNOLOGY FOR 
SIGNIFICANTLY IMPROVED ADVANCED 
THERMOELECTRIC POWER SYSTEMS 
(2 = 1.4, EFFICIENCY = 14%) 

POTENTIAL FOR 75 W/kg AND 
1.9 MW, 

-HOT SIDE COMPLIANT PAD 
HOT SIDE LOW VOLTAGE 

CELL INSULATOR 
-HOT SIDE ELECTRIC STRAP 
THERMOELECTRIC ELEMENT: 
COLD SIDE ELECTRIC STRAP 

COLD SIDE LOW VOLTAGE 
CELL INSULATOR 

COLD SIDE COMPLIANT PAD 

COLD SIDE HIGH VOLTAGE 
CONVERTER INSULATOR 

APPROACH: 

PROPERTY EVALUATION AND MATERIALS CHARACTERIZATION 
BASIC RESEARCH AND CODE DEVELOPMENT 
PROTOTY PICA1 STACKS 
STABLE HIGH 2 CONDUCTIVE COUPLE 

FOCUS ON ‘p’ LEG - SCREEN MATERIALS 

CD-86-20822 

FIGURE 6 .  - ADVANCED CONVERSION - THERMOELECTRICS. 
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FIGURE 7. - PERFORMANCE IMPROVEMENT OF SIGE/GAP ALLOYS. 

OBJECTIVE: 
DEMONSTRATE THE TECHNICAL 
FEASIBILITY OF ADVANCED LIGHT- 
WEIGHT, SURVIVABLE, DEPLOYABLE 
RADIATOR CONCEPTS 
300 kW,, < 5  kg/m* 
112 GES SPECIFIC MASS 

APPROACH: 
IDENTIFY AND DEMONSTRATE VIABILITY OF 

ADVANCED HEAT PIPES 
ADVANCED RADIATOR CONCEPTS 

- CODE DEVELOPMENT 
- TESTING 

CO 86 20826 MATERIALS AND BASIC PHYSICS RESEARCH 

FIGURE 8. - THERMAL MANAGEMENT. 
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STRENGTH 
COMPOSITES 
PRODUCED 

400 

100 

f -  I 

500 1000 1500 
TEMPERATURE, K 

CD-86-22929 

FIGURE 9. - THERMAL MANAGEMENT ACCOMPLISHMENTS. 

Nb - 1% Zr 
l m o  r .92 
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THEN KILNED THEN KILNED 

THEN ASHED 

FIGURE 10. - RADIATOR SURFACE MODIFICATION FOR HIGH EMISSIVITY.  
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OBJECTIVE: 
DEVELOP THE TECHNOLOGY FOR 
HIGH POWER, HIGH TEMPERATURE, 
RADIATION RESISTANT POWER 
CONDITIONING, CONTROL AND 
TRANSMISSION IN ADVANCED 
SP-100 SPACE POWER SYSTEMS 
- 100 kWe-1 MWe 
- 500 - 600 K 
- >1 MEGARAD 

APPROACH: 
COMPONENT DEVELOPMENT AND TESTING 
SYSTEMS SIMULATION 

SPECIAL APPLICATIONS 
CIRCUIT-SYSTEM DEVELOPMENT 

FIGURE 11. - ADVANCED POWER CONDITIONING AND CONTROL. 

y - IRRADIATION OF HI-POWER TRANSISTOR 
SWITCHES TO 2 MEGARADS 

y - IRRADIATION OF (DI)2 CHIP TO 1 GIGARAD WITH 
MINOR IMPACT ON ELECTRICAL CHARACTERISTICS 
- CODE DEVELOPMENT 
- PROCESSING 

5 Q -  

-... 
COMPUTER SIMULATION PROGRAMS IN PLACE 

STIRLING LINEAR ALTERNATOR 
WIRREWT 

BAIN. 
~ F E  i o  - 

CONDITIONS: 
NEUTRON IRRADIATION VCE = 2.5 V 

- T W E  = 2 5 %  

1. 1 I I -A I 
5 10 m 50 loo 

COLLECTOR CURRENT, Ip AMPERES 

FIGURE 12. - POWER CONDITIONING AND CONTROL - ACCOMPLISHMENTS. 
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OBJECTIVE: LaTel .52 
EXTEND THE BASIC UNDERSTANDING 
AND MATERIALS TECHNOLOGY DATA 
BASE FOR ADVANCED NUCLEAR 
SPACE POWER SYSTEMS 

SURVIVABLE, RELIABLE 
IMPROVED CONVERSION 

6 '  

I . .  

INCREASED STRENGTH, LIGHTWEIGHT 5 

. *  ' I3orrnf 
* e  

25 

20 

15 

10 

0 

APPROACH: 
BASIC RESEARCH 

APPLIED TECHNOLOGY 
- FABRICATION, JOINING, PROPERTIES 

- RADIATOR, STRUCTURES, CONVERSION 
CD 86 20835 SYSTEMS 

- 
F - 

- 

E 
5 

5 -  E 

- 
2 
2 
4 

C - z - - 

FIGURE 13. - MATERIALS AND STRUCTURES. 

1350 K 
STRESS LEVEL 

FOR 
1% STRAIN 
I N  7 YEARS, 

MPa 

E -  

* -  

0.5 mm 
ELECTRON BEAM WELDED & AGED 

1 

Nb-1Zr-O.1C Nb-1Zr 
(PWC-11) CD 86-20825 

FIGURE 14. - PWC-11 AFTER WELDING AND AGING TREATMENT OFFERS 2.5X STRENGTH ADVAN- 
TAGE OVER NB-IZR. 
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HIGH THERMAL CONDUCTIVITY 
HIGH MODULUS OF ELASTICITY 
HIGH ULTIMATE TENSILE STRENGTH 
HIGH TEMPERATURE OPERATION 

MICROSTRUCTURE 
OF GRAPHITE/COPPER COMPOSITE 

LOW DENSITY 

PROJECTED 
THERMAL CONDUCTlVlTYlDENSlTY RATIOS 

COMPOSITES 

ADVANTAGES OF GRAPHITE/COPPER COMPOSITES OVER Nb-1 Zr ALLOY: 
15-FOLD INCREASE IN SPECIFIC THERMAL CONDUCTIVITY 
7-FOLD INCREASE IN SPECIFIC MODULUS 

RESULTING IN LIGHTER, STIFFER STRUCTURE WITH INCREASED SURVIVABILITY 

FIGURE 15. - GRAPHITE FIBER REINFORCED COPPER MATRIX COMPOSITES FOR SPACE POWER RADIATOR 
PANELS. 

NEUTRAL GAS 

OBJECTIVE: 
SI.c.CI.fl Charplnp DEMONSTRATE CAPABILITY OF SP-100 

SYSTEMS TO OPERATE FOR 7-10 YEARS Y1c'om*t*o'oid l I lC CW,."I LO.... 

IN SPACE ENVIRONMENT 
TEMPERATURE, VOLTAGE 

APPROACH: 
IDENTIFY INTERACTIONS AND FAILURE MODES 
- ATOMIC OXYGEN, PLASMA, METEOROIDS, CHARGING 
- GROUND AND FLIGHT TESTS 
- COMPUTER MODELING 
MITIGATION TECHNIQUES 
- GUIDELINES 
- COATINGS 

FIGURE 16. - SPACECRAFT ENVIRONMENTAL EFFECTS. 
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ATOMIC OXYGEN EXPOSURE 

- COATINGS 

- REFRACTORIES 

MATERIALS SAMPLES PREPARED FOR FLIGHT EXPERIMENT 

- EOlM 

- REFRACTORIES, COATINGS, TRANSMISSION CABLE 

DEFINED AND IMPLEMENTED CONTRACTOR EFFORT TO ASSESS IMPACT OF 
SPACE ENVIRONMENT INTERACTIONS ON REFERENCE SP-100 DESIGN 

FIGURE 17. - SPACECRAFT ENVIRONMENTAL EFFECTS - ACCOMPLISHMENTS. 
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